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GAS NOZZLE AND APPARATUS FOR GAS-ASSISTED INJECTION 
* MOULDING ■ ' ' 

This invention relates to a gas nozzle for gas- 
5 assisted injection moulding. The invention also 
relates to an apparatus for gas-assisted injection 
moulding. 

In gas-assisted injection moulding of a plastic 
article, it is known from EP-A-0644821 to provide a 

10 gas nozzle separate from the plastics injection 
nozzle. The gas nozzle is mounted in an opening 
within one of the mould parts for injecting 
pressurized gas directly into the plastics material 
within the mould cavity, whereby the gas creates a gas 

15 containing cavity in the plastics material, and for 
thereafter relieving the gas pressure within the gas 
containing cavity before the mould is opened. The gas 
supply/pressure relieving means comprises a 
retractable valve member connected to the piston of a 

20 hydraulic or pneumatic cylinder- In its forward 

position, the valve member projects into the mould 
cavity and pressurized gas is injected through a bore 
in the valve member. In its withdrawn position, gas 
is vented through the open valve port provided by the 

25 opening in which the gas nozzle is mounted, the gas 

passing to atmosphere between the valve member and the 
wall of the mould part. The bore of the valve member 
has a shut-off control valve comprising an axially 
movable member which is opened by the pressure of the 

30 gas to be injected and is closed by a spring. In its 
open position/ the inner valve member projects further 
into the mould cavity than the outer valve member. 
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According to the invention there is provided a 
nozzle for supplying/relieving pressurized gas in gas 
assisted injection moulding of plastics material, the 
nozzle comprising: 
5 a body member adapted to be mounted in a mould 

having a mould cavity/ a portion of the body member or 
an extension thereof extending into an opening in the 
mould which at least communicates with the mould 
cavity; 

10 a sleeve member mounted for sliding movement in a 

bore in the extending portion of the body member 
between an extended position in which one end of the 
sleeve projects beyond the extending portion of the 
body member into the mould cavity, and a retracted 

15 position; 

said one end of the sleeve defining a valve port 
for an inner valve member axially movable within the 
sleeve for opening and closing the valve port, 

attachment means for supplying pressurized gas to 

20 the inside of the sleeve whereby the inner valve 

member is movable into a valve port open position by 
the pressurized gas; 

means for moving the inner valve member into a 
valve port closed position; 

25 means for moving the sleeve between its extended 

and its retracted positions/ and 

a gap between the adjacent wall of the sleeve and 
the extending portion of the body member, which gap is 
closed to the mould cavity when the sleeve member is 

30 extended and open to the mould cavity when the sleeve 
member is retracted, whereby in the retracted position 
of the sleeve, the pressurized gas within the mould 
cavity can vent to atmosphere. 

Preferably the means for moving the sleeve 

35 between its extended and retracted positions is a 

reversible electric motor, the sleeve being connected 
to the motor by means which enable the sleeve to move 
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linearly. When the sleeve reaches its extended 
position, the motor preferably enters a stall mode. 

With the sleeve in its extended position, 
pressure on the sleeve is preferably isolated from the 

5 motor and its gear box. 

Preferably the connection means between the 
sleeve and the motor is a nut and spindle in driving 
relation^ the nut being driven by the motor and the 
spindle being connected to the sleeve. 

10 The body member preferably has an external thread 

for mounting the nozzle in a mould part or a bracket 
fixed thereto. In another embodiment, the nozzle is 
bolted to a mould part. 

Preferably the wall of the sleeve is tapered 

15 inwardly from the outer end of the sleeve to define a 
lead-in to the valve seat of the valve port- 

It is also preferred that the means for moving 
the inner valve member into a valve port closed 
position is a spring. 

20 Preferably the inner valve member is a sliding 

fit within the sleeve, and has at least one flat 
extending longitudinally of the valve member to create 
a passage for pressurized gas through the sleeve when 
the inner valve member is extended by the pressure of 

m 

25 the gas. 

The outer end of the sleeve is preferably of 
reduced external dimension relative to the internal 
dimension of the extending portion of the body member, 
the body member having at least one groove extending 

30 longitudinally from a position at one end where it can 
communicate with the reduced end portion of the sleeve 
when the sleeve is in its retracted position, but is 
precluded from said communication when the sleeve is 
in its extended position, to an open position at its 

35 other end where it communicates directly or indirectly 
with the atmosphere. 

The invention also provides an apparatus for gas- 
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assisted injection moulding including a nozzle as 
defined above. 

By way of example, specific embodiments will be 
described with reference to the accompanying drawings 

5 in which :- 

Figure 1 shows an injection moulding machine 
having a nozzle for supplying/relieving pressurized 
gas into the plastics material within the mould 
cavity; 

10 Figure 2 is a perspective view of the nozzle for 

supplying/relieving the pressurized gas to the mould 
cavity; 

Figure 3 is a longitudinal section of the nozzle 
of Figure 1, with the electric motor omitted; 

15 Figure 4 is a section along line 4-4 in Figure 3; 

Figures 5 to 8 illustrate different stages in the 
injection moulding process; and 

Figure 9 shows an alternative arrangement for 
mounting the nozzle in the mould. 

20 This example concerns an apparatus for producing 

injection mouldings of plastics material which is 
based on the apparatus illustrated in Figure 1 of 
British Patent Specification No. 2202181. Also in 
general terms, the process of injection moulding is 

25 the same as described in that prior specification. 

More particularly, a mould 9 of an injection 
moulding machine has upper and lower parts 11, 12 
defining a mould cavity 13 of complex design and 
incorporating a rib 16. The mould parts 11, 12 are 

30 mounted between a fixed upper platen 10 and a lower 
platen 14 movable by a hydraulic ram 15- Also, in 
this embodiment, within the upper mould part 11 is a 
hot runner manifold 17 leading to a desired point of 
entry or opening 43 to the mould cavity 13. 

35 A screw ram 18 is provided for introducing molten 

thermoplastic material 19 through a nozzle assembly 20 
to the hot runner manifold 17 and hence through the 
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opening 43 in the mould cavity 13. The nozzle 
assembly is provided with a shut-off slide valve 21 
activated by a bell-crank lever 22 and a link 23 
connected to a hydraulic cylinder 24. The valve 21 is 
5 shown in its closed position at the end of that part 
of the moulding cycle which includes the introduction 
of the plastics material. The closed valve prevents 
any back flow of plastics material to the barrel of 
the screw ram, which may then be refilled with 
10 plastics material in preparation for the next moulding 
cycle. 

A gas supply/relieving nozzle 26 provided for 
introducing pressurized gas to create a gas containing 
cavity 25 in the plastics material 19 has its 

15 downstream end located at a separate opening 44 in the 
mould cavity. 

The nozzle 26 is mounted in a counterbore 29 in 
the lower part 12 of the mould, which is aligned with 
the opening 44. The nozzle 26 comprises a body member 

20 27 having, in this embodiment, an external thread 26 
for attachment of the nozzle by a nut 81 to a bracket 
76 bolted to the lower part 12 of the mould. The 
nozzle thereby projects through the lower part 12 and 
a cylindrical extension member 30 extends from the 

25 inner end of the body member to the opening 44. The 
extension member 30 acts as a housing for a sleeve 31 
through which pressurized gas is supplied to the mould 
cavity to create the gas filled cavity 2S in the 
plastics material 19. 

30 

The sleeve 31 is movable between an extended 
position in which the outer end adjacent the mould 
cavity 13 extends beyond the extension member 30 into 
the mould cavity (Figure 5) and a retracted position 
35 in which the outer end of the sleeve is withdrawn into 
the extension member (Figure 8). The outer end of the 
sleeve defines a valve port 45 having a valve seat 52 
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for an inner valve member 46 which is axialiy movable 
within the sleeve for opening and closing the valve 
port. A valve head 47 engages the valve seat 52 when 
the valve member is withdrawn into the sleeve, the 
5 wall of the sleeve being tapered inwardly from the 
outer end of the sleeve to provide a lead-in to 
facilitate location of the valve head on the valve 
seat. 

The valve stem 48 has opposed flats 59 extending 

10 along the length of the stem defining gas passages 49 
through the sleeve which, at their upstream ends, 
communicate via a sealed connection with a 
longitudinal bore 50 and upstream thereof a radial 
bore 51 within the body member of the noz2le. The 

15 radial bore 51 is threaded for screw connection to a 
connector 78 on one end of a gas feed pipe 53, and a 
spring 54 located in an enlarged portion of bore 50 is 
provided for withdrawing the valve member 46. To 
facilitate the mounting of nozzle 26 in counterbore 29 

20 in the lower mould part 12 r a channel 32 is provided 
extending longitudinally of the body member (Figure 
2), whereby the feed pipe 53 can be compressed into 
the channel after it is connected to the nozzle by 
screwing the connector 78 into bore 51. There is also 

25 provided a slot 83 in the nozzle body member 27 to 
allow for movement of the feed pipe 53 and the 
connector 78 longitudinally of the nozzle during 
extension and retraction of the sleeve 31. Pressurized 
gas, e.g. nitrogen » is supplied to the feed pipe 53 

30 from a chamber 35 by a piston and cylinder 33, 34, via 
a solenoid operated valve 36 which has a facility to 
vent. The chamber 35 is also connected to a gas 
supply (not shown) via a non-return valve 37 and a 
pressure regulator valve 38- With the sleeve 35 

35 extended and valve 36 open to supply gas to the 

nozzle, pressurized gas from the chamber 35 will flow 
through feed pipe 53 into the bores 51, 50 and the 
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passages 4 9. The gas pressure will overcome the 
spring 54, thereby lifting the valve h ad 47 and 
injecting gas into the plastics within the mould 
cavity (Figure 7) . When the gas pressure behind the 
5 valve head 47 declines by opening valve 36 to vent, the 
inner valve member will be withdrawn by the spring 
into its valve port closed position. 

For subsequent venting of the gas from the mould 
cavity, the outer end of the sleeve 31 has an external 

10 rebate 55 around its periphery which communicates, in 
the retracted position of the sleeve, with an annular 
gap 56 extending longitudinally between the sleeve and 
the extension member 30 to an open position in the 
body member 27 of the nozzle. The gas can thereby 

15 escape through hole 57 in the body member, along a 

groove 58 in the external surface of the body member, 
the groove extending to the threaded end of the body 
member, and thereby to atmosphere. 

For extending and retracting the sleeve 31, and 

20 thereby the inner valve member 46, the nozzle has a 
reversible electric motor 60 for driving the sleeve 
linearly into and out of the mould cavity 13. The 
motor 60 and integral gear box is bolted to a flange 
61 of the body member 27 using an adaptor plate 62. 

25 The output shaft 63 of the gear box drives nut 64 via 
clutch 66. The nut 64 rotates within the body member 
and is supported by bearing assembly 67, A spindle 68 
is in threaded connection with the nut 64 at one end, 
and is connected to the inner end of the sleeve 31 at 

30 the other end. The inner end of the sleeve 31 engages 
a socket 79 in the spindle 68 and is held captive by 
lock nut 65. A copper sealing washer 80 in the socket 
79 ensures a sealed gas connection between bore 50 and 
the sleeve 31. The spindle contains the gas feed 

35 bores 50,51 and houses the spring 54 for withdrawing 

the inner valve member 46. A barrel portion 70 of the 
spindle 68 has a longitudinal slot 71 for reception of 
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a stop pin 74. The pin 74 is generally D-shaped with 
its flat 77 in surface contact with the base 65 of the 
slot 71, whereby the spindle 68 is guided for 
longitudinal movement towards and away from the mould 
5 cavity 13 as the nut 64 is rotated first in one 

direction and then the other direction by the motor 
60. The end surfaces 12, 73 of the longitudinal slot 
71 act as dead stops when engaged by the stop pin 74 
which define the forward (extended) and backward 
10 (retracted) end positions respectively of the sleeve 
31. 

The electric motor 60 has a stall mode actuated 
by a current limiting device or other means, e.g. 
limit switches, when the sleeve is either fully 

15 extended or fully retracted so that the motor is not 
continuously driving the nut 64. Thereby, with the 
sleeve 31 extended, the load of any pressure on the 
outer end of the sleeve, tending to retract the sleeve 
into the nozzle, is directed down the axis of the 

20 stationary spindle 68 and nut 64 onto the bearing 

assembly 67 and not onto the motor 60 or its gear box. 

In operation, at the start of the moulding cycle 
the gas feed pipe 53 is attached to the nozzle 26 by 
screwing the connector 78 into bore 51. With the gas 

25 feed pipe 53 compressed into the channel 32, the 

nozzle 26 is projected through the bracket 76 into the 
counterbore 29 in the lower part 12 of the mould to 
position its inner end at the gas opening 44, The 
nozzle 26 is then attached to the bracket 7 6 by the 

30 nut 81 engaging the screw thread 28 thereby mounting 

the nozzle in the mould. In this embodiment, when the 
nozzle is fully inserted, the end of the extension 
member 30 is approximately level with the wall surface 
of the mould cavity 13. The electric motor 60 is 

35 actuated to drive the sleeve 31 forward into its 

extended position so that the sleeve 31 with the inner 
valve merob r projects into the mould cavity. 
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approximately half-way relative to the thickness of 
the xib 16. The valve head 47 of the inner valve 
member 46 is held positively on the valve seat 52 by 
the spring 54 so that the valve port 45 at the gas 
5 opening 44 is closed (Figure 5) . With the sleeve in 
its extended position, the current to the motor 60 is 
tripped whereby the motor enters its stall mode 8 so 
that the motor is not continuously operated. The 
sleeve is thereby temporarily locked in its extended 

10 position so that the load of any longitudinal pressure 
on the sleeve tending to retract the sleeve is 
directed down the axis of the stationary spindle 68 
and nut 64 onto the bearing assembly 67; and not onto 
the motor or the gear box. The screw ram 18 contains 

15 molten plastic material and the slide valve 21 is 

open. The chamber 35 is also filled with pressurized 
gas and both valves 36 and 38 are closed. 

Operation of the screw ram 18 introduces the 
plastics material 19 into the mould cavity 13 through 

20 the opening 43 via the hot runner manifold 17. In 
this embodiment, the amount of plastics material 
introduced is less than sufficient to fill the mould 
cavity 13. Simultaneously, a gas delay timer Is 
started. At the end of this delay time, the outlet 

25 end of the sleeve 31 of nozzle 26 is covered by 

plastics material, but the inner valve member 46 is 
still withdrawn in its valve port closed position 
preventing the ingress of plastics material past the 
valve head 47 (Figure 6) . Valve 36 is then opened to 

30 supply gas and the piston and cylinder 33, 34 is 
operated to introduce gas into the mould cavity 
through nozzle 26. The pressurized gas is fed through 
pipe 53 and bores 51, 50 to move the inner valve 
member 46 into the extended or valve port open 

35 position (Figure 7) in which the valve head 4 7 is 

lifted off the valve seat 52 against the pressure of 
the spring 54. The gas then flows into the plastics 
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material within the mould cavity to create a gas 
containing cavity 25 in the plastics material. The 
pressurization in the gas is maintained by the piston 
and cylinder 33,34 whereby the gas in the plastics 
5 material causes the plastics material to flow 

throughout the mould cavity 13 with the gas containing 
cavity 25 within the plastics material, the cavity 25 
thereby extending with the plastics material until the 
plastics material has extended over the whole of the 
10 mould cavity. The gas flow pressure to the cavity 25 
is maintained to hold the plastics material in the 
mould cavity positively against the mould surface as 
the plastics material solidifies and cools until the 
moulding can itself sustain the form dictated by the 

15 mould surface. 

The valve 36 is opened to vent whereby the gas 
pressure behind the valve head 47 drops and the piston 
33 is withdrawn. Opening valve 38 enables the 
cylinder 34 to be refilled with another quantity of 

20 gas under pressure. 

As the gas pressure in the nozzle 26 has fallen, 
the inner valve member 46 is retracted by the spring 
54 into its valve port closed position, the valve head 
47 being withdrawn to rest positively against the 

25 valve seat 52. The motor 60 is actuated in reverse to 
fully retract the sleeve into its retracted position, 
whereupon the motor enters its stall mode. The end of 
the sleeve is then positioned out of the mould cavity 
and the rebate 55 becomes in communication with the 

30 gap 56 between the sleeve 31 and the extension member 
30. Consequently the gas in the cavity 25 is vented 
through the gap 56, hole 57 and groove 58 to 
atmosphere (Figure 8), thereby relieving the gas 
pressure in the cavity 25. The mould is then opened 

35 and the moulding removed. 

The motor is actuated to extend the sleeve 31 to 
its forward end position and the motor enters its 
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stall mode, to await the introduction of plastics 
material during the next moulding cycle. 

The invention is not restricted to the specific 
details of the embodiment described above. For 
example, the nozzle 26 may be mounted in a different 
manner in the lower part 12 of the mould. The 
count erbore 29 may have an internal thread so that the 
nozzle is screw mounted directly into the mould by 
employing the thread 28 on the nozzle/ whilst the gas 
feed pipe 53 is compressed into channel 32. . 

In another embodiment/ as shown in Figure 9, the 
flange 61 of the body member 27 is of larger diameter 
than the adaptor plate 62, and the body member is 
attached to the lower part 12 of the mould by three 
bolts 82 (one being shown) passing through the flange 
61 directly into the lower part of the mould. In this 
case the thread 28 on the body member 27 is omitted. 

Indeed, it will be appreciated that the 
counterbore 29 in the lower part 12 of the mould 
and/or any attachment bracket 76 may be adapted to 
allow the same nozzle 26 to be mounted in moulds of 
different dimensions so that the nozzle still projects 
sufficiently through one mould part and is aligned 
with the gas opening 44. Alternatively, the nozzle 
illustrated could be modified by attachment of a 
different length extension member 30, together with an 
appropriate length sleeve 31 and inner valve member 
46. For example, for a deeper lower mould part 12, a 
longer extension member 30, sleeve 31 and valve member 
46 would by provided, whilst for a narrower lower 
mould part 12, the length of the extension member, 
sleeve and valve member would be correspondingly 
shorter. 

Also the opening 44 can be directly in the mould 
cavity 13, as illustrated, or in communication 
therewith. 

Furthermore/ a nozzle of the kind described may 
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be provided at a different position than the position 
illustrated or at more than one position in the mould, 
in the same manner as described in relation to the 
embodiments of Figures 4 to 9 of British Patent 
5 Specification No, 2202181. Similarly/ as described in 
the same prior specification, two or more openings 43 
may be provided through which the molten plastics 
material enters the mould cavity 13* 



